Building adaptive reuse plays a critical role in emissions reduction and supports global climate protection. Thus, the designing of future buildings with embedded adaptive reuse potential is a useful criterion for sustainability. This paper describes the development of a new rating tool known as adaptSTAR, which offers holistic and unified design criteria suitable for assessing the adaptive reuse potential of future buildings. The findings show that criteria can be identified and weighted according to physical, economic, functional, technological, social, legal and political categories to calculate an adaptive reuse star rating. In addition, this paper reports on the first stage of the research methodology used in the initial development of the rating tool and concludes with some preliminary observations from twelve (12) selected successful case studies in New South Wales (NSW) and Melbourne, Australia. The use of adaptSTAR in designing future buildings will lead and help promote low carbon built environments.
Introduction
The built environment is the world's largest user of energy, emitter of greenhouse gases and has the largest potential for efficiency (UNEP, 2009 ). According to Balaras et al. (2004) , the existing stock has the greatest potential to lower the environmental load of the built environment significantly within the next 20 or 30 years. This imperative encourages building professionals to produce more energyefficient buildings and renovate existing stocks according to modern sustainability criteria (United Nations Environment Programme, 2007) .
Building adaptive reuse is an alternative to traditional demolition and reconstruction; it is innately sustainable as it entails less energy and waste. It is defined as a significant change to an existing building function when the former function has become obsolete (Douglas, 2006) . Adaptive reuse is relevant to the current climate change adaptation agenda due to its ability to recycle resources in place. Existing buildings that have been upgraded to achieve substantial cuts in greenhouse gas emissions (GGE) are considered a more climate-friendly strategy than producing new energy efficient buildings (TEC, 2008) .
Adaptive reuse is a successful global strategy applied in many types of facilities around the world, including prestigious heritage buildings in most states in the United States, Australia and across the Asia Pacific region (Cantell, 2005; Langston et al., 2008; Department of Environment and Heritage, 2004; NSW Dept. of Planning, 2008; United Nations Educational Scientific and Cultural Organization, 2007) . Moreover, building adaptive reuse has a major role to play in the sustainable development of communities, maintaining the social fabric whilst limiting potential demolition and reconstruction wastes (DEH, 2004) . It also provides benefits of conserving green space, improving the micro-climate air quality, and maintaining habitat, ecosystem and water quality (Giles, 2005) . This paper outlines the need for an adaptive reuse rating tool targeted to new design of buildings to support embedded adaptive reuse potential which will help promote built environment sustainability, and concludes on the initial development status of the adaptSTAR rating tool.
Literature Review
Adaptive Reuse, Sustainability and Sustainable
The Urban Land Institute (cited in Tobias and Vavaroutsos, 2009) accounts for merely 1 to 1.5 % of existing building stock each year in most developed countries. Naturally, the existing building stock repr reduction. This is why adaptive environment. UNEP (2009) emphasizes that adapting and retrofitting of existing buildings to the optimal energy efficiency standard must be given more focus by the building sector. Gorse and Highfield (2009) assert that there is no better example of the environmental benefits of effective sustainability in practice than the recycling of buildings. In addition, Tobias and Vavaroutsos, 2009) importance of sustainable retrofits of existing building stock globally and that environmentally sensitive and energy efficient sustainable new construction by itself cannot significantly change the environmental impact of the built environment unless green design and construction technologies are applied to the existing building stock.
However, there is still a lack of consensus a adaptive reuse potential of existing and future buildings. change in the use of buildings and infrastructure arises because of the development of certain technologies, thus it is important to know how to meet these new needs in existing buildings and how new buildings are designed to allow sustainable ad successful adaptive reuse projects require not only good design for the building, but also careful planning that considers its surrounding environment. As for Fournier and Zimnicki design principles that encourage maximum reuse of existing building components, restoration of passive aspects of the original design and preservation of the micro climate created by historic plantings and site usage should also be included in the adaptive r (2005) examines the potential of adaptive reuse projects in sustainable design and integrates "green design" into structures that were previously at odds with natural processes. He also pointed out that adaptive reuse and sustainable design Adaptive Reuse Potential (ARP) Model Until now experience and intuition are often the only guides to making decisions for adaptive reuse (Gorse and Highfield, 2009 ). However, through the ARP model buildings can now be ranked on their adaptive reuse potential at any point in time. The ARP model summarized in Figure 1 as firstly demonstrated by using a case study in Hong Kong Shen, 2007). The useful (effective) life of a building or other asset in the past has been particularly difficult to forecast because of premature obsolescence 2 Adaptive Reuse, Sustainability and Sustainable Design Principles (cited in Tobias and Vavaroutsos, 2009) indicates that new construction accounts for merely 1 to 1.5 % of existing building stock each year in most developed countries. Naturally, the existing building stock represents the greatest opportunity for energy and carbon reduction. This is why adaptive reuse plays a critical role in reducing emissions from the built emphasizes that adapting and retrofitting of existing buildings to the nergy efficiency standard must be given more focus by the building sector. Gorse and assert that there is no better example of the environmental benefits of effective sustainability in practice than the recycling of buildings. In addition, the Urban Land Institute Tobias and Vavaroutsos, 2009 ) report that green building practices have underemphasized the importance of sustainable retrofits of existing building stock globally and that environmentally sensitive sustainable new construction by itself cannot significantly change the environmental impact of the built environment unless green design and construction technologies are applied to the existing building stock.
However, there is still a lack of consensus as to what design criteria would best maximize the adaptive reuse potential of existing and future buildings. According to Kincaid change in the use of buildings and infrastructure arises because of the development of certain technologies, thus it is important to know how to meet these new needs in existing buildings and how new buildings are designed to allow sustainable adaptability to occur in the future. successful adaptive reuse projects require not only good design for the building, but also careful planning that considers its surrounding environment. As for Fournier and Zimnicki sign principles that encourage maximum reuse of existing building components, restoration of passive aspects of the original design and preservation of the micro climate created by historic plantings and site usage should also be included in the adaptive reuse of historic buildings.
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Until now experience and intuition are often the only guides to making decisions for adaptive reuse However, through the ARP model buildings can now be ranked on their adaptive reuse potential at any point in time. The ARP model as firstly demonstrated by using a case study in Hong Kong Fig. 1 : Adaptive reuse potential model (Langston, 2008) The useful (effective) life of a building or other asset in the past has been particularly difficult to forecast because of premature obsolescence (Seeley, 1983 ). The ARP model predicts useful life as a indicates that new construction accounts for merely 1 to 1.5 % of existing building stock each year in most developed countries.
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Until now experience and intuition are often the only guides to making decisions for adaptive reuse Langston et al., 2008) existing buildings can now be ranked on their adaptive reuse potential at any point in time. The ARP model is as firstly demonstrated by using a case study in Hong Kong (Langston and The useful (effective) life of a building or other asset in the past has been particularly difficult to The ARP model predicts useful life as a function of (discounted) physical life and obsolescence, and allows the calculation of the adaptive reuse potential at any point in a building's life cycle so that the right timing for intervention can be applied. The model has generic application to all countries and all building typologies. It requires an estimate of the expected physical life of the building and the current age of the building, both reported in years. It also requires an assessment of physical, economic, functional, technological, social, legal and political obsolescence, which is undertaken using surrogate estimation techniques as no direct market evidence exists. The ARP model has been widely published and is considered robust as it has been tested in hindsight against 64 adaptive reuse projects globally (Langston, 2008) and recently validated by a new multi criteria decision analysis tool called iconCUR (Langston, 2012) .
Research Methodology
The aim of this research is to create and validate a design evaluation tool that will lead to making purposeful design decisions for future adaptive reuse at the time they are designed, or put simply, planning for reuse as a key design criterion. As a proven indicator for identifying the potential for adaptive reuse in existing building stock, this research will use Langston's ARP model to validate a new design rating tool called adaptSTAR, which is a weighted checklist of design strategies that lead to future successful adaptive reuse of buildings. The development and testing of this checklist is the focus for this research. The main deliverable of the research is the creation and validation of the new adaptSTAR model that will lead to best practice outcomes. It is similar in concept to the Green Building Council's Green Star or LEED methodology where performance is assessed using a standard five-star rating methodology.
This research is an explorative study and retrospectively analyzes existing successful adaptive reuse projects to establish a list of design factors (design criteria) that will be evaluated by members of the architectural profession. The methodological approach of this research is essentially in three stages and is a sequential mixed mode methodology (qualitative and quantitative). A combination of case study analysis, expert interview and practitioner survey is the approach selected to collect relevant data and enable the findings to be triangulated and validated. However, this paper reports on the results of the first stage of the research methodology since the other stages are in progress. Stage One is a qualitative approach that adopts a multiple case design to allow the researchers to fully understand the phenomenon of interest by using several independent case studies. A qualitative approach is most suitable for this type of exploratory research which encompasses theory building (Cresswell, 1998) and the use of evidence from multiple cases as they are deemed more compelling, which is essential to the overall study's robustness (Yin, 2009) .
Stage One aims to identify an unweighted list of design criteria. Through the use of a qualitative approach, Australian practitioners involved in twelve successfully completed adaptive reuse case studies have been interviewed to solicit their views on key design criteria derived from analysis of their projects and underpinning literature. Fifteen key stakeholders who had expert case study knowledge were interviewed, and included representatives from the architectural team, developer, structural engineer, services engineer, quantity surveyor and facilities manager.
The twelve award-winning Australian adaptive reuse case studies are real life projects and demonstrate the successful blending of modern technology and design while respecting the building's historic character. They showcase rich and diverse architectural solutions in terms of conserving and adapting existing buildings to sustainable new uses. These selected case studies are adaptive reuse conversions throughout New South Wales, chosen among the over 20,000 heritage listed buildings in NSW because they represent different types of use and illustrate how the guidelines work in practice (NSW Department of Planning and RAIA, 2008) . In addition, a pilot study of the GPO Melbourne was also conducted. The following successful adaptive reuse case studies are summarised in Table 1 and presented in a photo collage (see Fig. 2 ). As recipient of numerous Australian awards for heritage and sustainability, the Prince Henry redevelopment project contributes to a sustainable future by providing a model for redevelopment of similar heritage and environmentally sensitive areas in Australia. The Prince Henry site has been used by Aborigines for thousands of years and was formerly a dilapidated hospital site for quarantine of infectious diseases. The revitalization of the site balances the old and new developments while keeping 80% of the site in public ownership. Over 90% of demolition materials were reused and buildings comply with energy efficiency principles while the whole redevelopment is based primarily on environmentally sustainable design principles. The Prince Henry master plan starts with the premise of conservation and enhancement. Its principles derive from analysis and evaluation of the physical and cultural framework of the site and surrounding environment. They address ecological sustainability, urban design, heritage, amenity and accessibility. Noteworthy also to mention is that the Prince Henry redevelopment won the President's Award from the Urban Development Institute of Australia in 2009, which was the highest accolade within the UDIA awards program both state-wide and nationally. 12. GPO Building, Melbourne, Victoria (Pilot Study)
As one of the more prominent and well known adaptive reuse case studies in Australia, Melbourne's GPO building has been awarded with the RAIA National Award for Commercial Buildings and the Sir Osborn McCutcheon Commercial Architecture Award. Melbourne's GPO was constructed on the Bourke and Elizabeth Street corner site in 1859. Between 1859 and 1867, a much grander, two-level building was developed and underwent a few major renovations until it was completed in 1919 with its new sorting hall. In 1992, Australia Post announced plans to sell the building and end the GPO's major postal role in favour of decentralized mail centres. A shopping mall was proposed in 1993 but its permit later lapsed, while in 1997 a hotel proposal did not proceed. Again in early 2001 plans for a retail centre were announced but experienced a major setback when the building was almost gutted by fire in September of that year. The case studies represent quite different building typologies. Given each case study will also have different latent characteristics; the list of factors is likely to be reasonably diverse. The assembly of these factors forms the base criteria to be used and scored in the adaptSTAR model. Factors will be collated into groups representing physical, economic, functional, technological, social, legal and political categories.
Initial Development of the adaptSTAR Model
The collected data in Stage One were transcribed, collated, managed and analyzed through the use of the NVivo software. NVivo (QSR, 2008 ) is qualitative research software that helps manage, shape and make sense of a researcher's data collection. With NVivo, analysis includes data classification, reduction, data display, theme identification and drawing of meaningful conclusions. Through the use of the case study protocol as a guide and the creation of nodes in NVivo, the Stage One case study analysis was organized and presented in two steps:
1. Construction of Each Case Study Profile: individual and in-depth case profiles based on comprehensive documentation (such as published literatures, approved building plans and maps, architect's conceptual schemes, news clippings and articles, and public reports) that were written about the twelve case studies; and 2. Addressing Research Objective: the pattern coding of key design criteria identified based on the in-depth expert interviews of the selected professionals involved in the case studies' design and construction implementation. This also includes the coding of key design criteria informed by the experts' interview results and relevant underpinning literature. In identifying the list of factors, semi-structured interview questionnaires with the following themes were prepared:
1. History of the project: a brief background of the project from its existing use to its new adaptive use or building function; what major decisions/ events lead to its reuse; major considerations before undertaking the project; latent conditions; 2. Design and technical aspects: impediments encountered during the design process, how modern and green design features (if any) were incorporated or blended to the existing facilities; structural and utility challenges; legal and building code considerations; 3. Design process: design principles and criteria applied or implemented; design consultations conducted with stakeholders; adaptive reuse strategies identified or applied; critical factors that affected the success of adaptive reuse projects. These discovered design criteria have been linked to the seven factors of obsolescence (physical, economic, functional, technological, social, legal and political) upon which the ARP model is based and illustrate that this connection is possible. The list of design criteria identified by the case study experts and linked to relevant literature on existing and recent design strategies that pertains to the adaptation of heritage buildings together with other building adaptation and sustainable design concepts/guidelines are presented below: As the research progresses, the identified list of design criteria will be evaluated to determine the weighted value of its associated and corresponding design elements and this will be done in Stage Two of the research methodology. The set of design criteria reflect the obsolescence categories: Physical (Long Life); Economic (Location); Functional (Loose Fit); Technological (Low Energy); Social (Sense of Place); Legal (Quality Standard) and Political (Context). With regards to the outcome of Stage 1, the initial framework of the proposed adaptSTAR model is shown in Figure 3 . 
Conclusion and Further Research
Amidst the diverse collection of design principles, strategies, approaches and solutions that have been in existence in the past, this research indicates a knowledge gap pertaining to the lack of clear design criteria for future adaptive reuse and the lack of consensus as to what design criteria would best maximize the adaptive reuse potential of future buildings. This is a new field and this knowledge gap is expected.
Moreover, this research gives insights on how building designers approach the design process, solve problems, make decisions and address the potential complexity and value conflict in undertaking building adaptive reuse projects. Hence, this work leads to a better understanding of how designers can best be assisted in these activities in order to increase the likelihood of achieving design solutions that offer better future building adaptive reuse opportunities during the conceptualization process. Thus, when designing new buildings it is important to be concerned about maximizing the adaptive reuse potential of buildings later in their lives to help mitigate the effects of a changing weather climate plus the volatility of social, economic and environmental conditions. So, it is imperative that designers should fully understand the context of the existing built environment and consider the needs of new buildings through appropriate design technologies.
With the completion of the Stage One of this research, a list of design criteria have been identified to support the designing of future building adaptive reuse. Based on the interviews of selected expert professionals, they are geared towards the technological or environmental, physical and functional design criteria. Although there is less support for the socio-cultural design criteria, it must be noted that all selected case studies are heritage buildings and successful landmarks in NSW and Victoria. It is anticipated that the list of design criteria will be critically assessed once Stage Two of this research takes place.
The final development of the new adaptSTAR design rating tool is underway. Stage Two of the research will use a quantitative research methodology wherein a concise structured survey conducted electronically (and anonymously) to registered architects in Australia is used to rank and weight the list of design criteria by assessing the relative importance of each strategy and their contexts while Stage Three is the testing of the new adaptSTAR model against Langston's (2008) ARP model. This research paper has initially identified important design criteria needed for the sustainability and future adaptive reuse of new buildings. The research methodology outlined in this study is expected to assist in the reliability and validity of the new design rating tool. The outcome of this research and the application of the adaptSTAR model will be useful in the practical applications of adaptive reuse of the existing built environment as well as incorporation of adaptive reuse strategies for future buildings and help promote the development of sustainable built environments.
